We present spectroscopy of 880 galaxies within a 2-degree field around the massive, merging cluster Abell 3266. This sample, which includes 704 new measurements, was combined with the existing redshifts measurements to generate a sample of over 1300 spectroscopic redshifts; the largest spectroscopic sample in the vicinity of A3266 to date. We define a cluster sub-sample of 790 redshifts which lie within a velocity range of 14,000 to 22,000 km s −1 and within 1 degree of the cluster centre. A detailed structural analysis finds A3266 to have a complex dynamical structure containing six groups and filaments to the north of the cluster as well as a cluster core which can be decomposed into two components split along a northeast-southwest axis, consistent with previous X-ray observations. The mean redshift of the cluster core is found to be 0.0594±0.0005 and the core velocity dispersion is given as 1462 +99 −99 km s −1 . The overall velocity dispersion and redshift of the entire cluster and related structures are 1337 +67 −67 km s −1 and 0.0596 ± 0.0002, respectively, though the high velocity dispersion does not represent virialised motions but rather is due to relative motions of the cluster components. We posit A3266 is seen following a merger along the northeast southwest axis, however, the rich substructure in the rest of the cluster suggests that the dynamical history is more complex than just a simple merger with a range of continuous dynamical interactions taking place. It is thus likely that turbulence in A3266 is very high, even for a merging cluster.
INTRODUCTION
Matter is not uniformly distributed in the Universe, rather it is concentrated in large filaments of galaxies which are tangled together forming a vast web-like structure known as the 'cosmic web' (Bond et al. 1996) . Within the cosmic web gigantic conglomerations of galaxies known as superclusters reside. Superclusters contain numerous galaxy clusters and groups, and thousands of individual galaxies. Studying large-scale structures such as superclusters and their building blocks, galaxy clusters, provides clues to understanding the initial conditions and fluctuations of the early Universe, and the way it has evolved over time.
The Horologium-Reticulum supercluster (HRS) is a super massive (10 17 M ) and non-gravitationally bound struc-E-mail: siamak.dehghan@vuw.ac.nz ture with a mean redshift of about 0.06 (Fleenor et al. 2005 (Fleenor et al. , 2006 . The supercluster has an angular span of 12
• × 12
• , and includes about 5000 groups and 34 clusters. One HRS member, Abell 3266 is one of the largest galaxy clusters in the Southern Hemisphere. A3266 has been well studied over the past two decades and a wealth of multi-wavelength data, from X-ray (De Grandi & Molendi 1999; Finoguenov et al. 2006) , to optical (Cypriano et al. 2001) , and radio (Robertson & Roach 1990; Bernardi et al. 2016) , are accessible.
Abell 3266 is known to be a merging system; examination of its soft-band X-ray image reveals asymmetrical and elongated emission from the Intra-Cluster Medium (ICM, Finoguenov et al. 2006) , typical for merging and highly disrupted systems. However, detailed structure analysis of the cluster has been somewhat hindered due to the lack of sufficient spectroscopic redshifts. Consequently, studies of this cluster have come to conflicting conclusions regarding its dynamics and merger history. Quintana et al. (1996) , hereafter QRW, argue that A3266 is the result of a major merger of unequal mass clusters along the line of sight. The less massive cluster would have penetrated the main cluster from the southwest 4Gyr ago, with core collision around 1-2 Gyr ago. The secondary cluster passed through the main cluster forming a wedge-shaped tidal arm with velocities of 18,300 km s −1 north of the X-ray core (Mohr et al. 1993 ). Using 391 redshifts QRW estimate a velocity dispersion in the central region of 1400-1600 km s −1 , with a drastic fall to 700-800 km s −1 at 3 Mpc from the core. They noted that the velocity distribution is close to a Gaussian, although its spatial distribution is far from symmetric. Flores et al. (2000) simulated the merger of both equal-and unequal-mass components with an N-body hydrodynamic model in which they include the evolution of dark matter. They concluded that a merger of similar-mass clusters would better resemble the observed galaxy distribution of their sample. Roettiger & Flores (2000) presented an N-body hydrodynamic model in which the available spectroscopic data at that time was able to be reproduced for a merger an angle of about 45
• to the line of sight and a mass-ratio of 5:2. However, they noted that there is a considerable flexibility in the allowed range of merger parameters and viewing angle. Henriksen et al. (2000) presented an alternative view. They posited that the morphology of A3266 was a consequence of a minor merger in the plane of the sky, where a small group of galaxies passed through the main cluster core from the southwest to the northeast. The X-ray temperature map shows evidence of shocked gas and the presence of radio galaxies southwest of the main cluster that can be explained as a result of ram-pressure stripping due to the merger (Henriksen & Tittley 2002) . Using the preand post-shock gas temperatures, they calculated the relative gas velocity to be about 1400 km s −1 with a Gaussian velocity distribution. They agreed with a previous scenario of a merger of two clusters with a mass ratio of 4:1 . Sauvageot et al. (2005) suggest that the observed X-ray shock wave region may be explained with two scenarios; the first in which a subcluster passed the main cluster core either from northeast to southwest 0.15-0.20 Gyr ago, or from southwest to northeast 0.8 Gyr ago where the subcluster is close to the turnaround point. In an XMM-Newton analysis of the cluster Finoguenov et al. (2006) detected a low-entropy region of gas near the cluster core and concluded that the existence of such a region must be due to the merger of a component with one 10th of the cluster mass in the plane of sky towards southwest.
Although most of the previous studies note the existence of substructure, there are some disagreements on the exact merger status of the cluster; explicitly, there is a lack of consensus about the phase of the core passage (pre-or post-merger) and the current direction of the cluster and subcluster motions. This paper is the first of a series in which we attempt to clarify the dynamical situation in A3266 using optical, radio and X-ray analyses. Here, we present 880 new spectroscopic redshifts in a 2
• -field around A3266. We combined these with existing values from the literature to build the most complete spectroscopic sample of A3266 to date with over 1300 measurements. With this much larger sample of redshifts, we determine the spatial and velocity distributions of the cluster and other structures in the re- gion. This article is laid out as follows; Section 2 describes the spectroscopic observations and sample construction. In Section 3 the structure analysis of the cluster is explained. Section 4 depicts the overall cluster dynamics and possible merger scenarios. The summary is laid out in Section 5. Throughout, we assume a standard Lambda-CDM model with H0 = 71 km s −1 Mpc −1 , Ωm = 0.27, and ΩΛ = 0.73 which at the average redshift of A3266, z = 0.0594, gives the scale of 1.132 kpc for 1 .
SPECTROSCOPIC DATA
Spectroscopic data were obtained for 880 galaxies observed with the 2dF instrument on the Anglo-Australian Telescope (AAT). The observations were performed on 29 December 1997 and 5 October 1999. Four fibre configurations were observed, all covering a single 2
• -diameter field around the nominal cluster centre of α=04:31:09.7, δ=−61:28:40 (J2000). Details of the observations are summarised in Table 1. The data were reduced with the 2dfdr pipeline reduction software for 2dF 1 , and redshifts were measured using a modified version of the program used for the 2dF Galaxy Redshift Survey (Colless et al. 2001) .
Data from these observations were combined with available spectroscopic observations from the literature to produce the largest spectroscopic sample in the region of A3266 to date. Table 2 lists the positions and redshifts for 1303 galaxies in the combined sample. The positions of the AAO catalogue come from the UK Schmidt Telescope southern sky survey plate for field F118, scanned with the Automated Plate Measuring machine (Maddox et al. 1990 ). Redshifts are listed for 391 objects from the compilation of QRW, 880 objects from the previously unpublished 2dF data, 264 objects from the WIde-field Nearby Galaxy-cluster Survey (WINGS; Cava et al. 2009) , and an additional 39 objects from various works in the literature within 1
• of the nominal centre of A3266 (see Figure 1 ). Using a cross corre- lation radius of 4 there are 111, 99, and 95 objects in common between 2dF and QRW, 2dF and WINGS, and QRW and WINGS, respectively. Figure 4 shows a comparison of 2dF redshifts to QRW and WINGS measurements. Using the iteratively re-weighted least squares fitting algorithm we find the relations cz 2dF = 0.99 × czQRW + 150.95 km s −1 and cz 2dF = 1.00 × czQRW + 41.94 km s −1 after 20 iterations. These relations show that 2dF redshifts are in good agreement with previous measurements and there are no systematic offsets between any of the catalogues used here. Excluding 39 objects for which the sets of redshift measurements differ by more than 3 times the combined error, the 2dF, QRW, and WINGS redshifts are consistent within their errors under a χ 2 −test. We have therefore used an error-weighted mean for the 198 objects with consistent redshift measurements. For the remaining 39 objects, 9 objects have common redshifts in the 2dF and QRW datasets, 11 are common to QRW and WINGS, 11 are common to WINGS and 2dF, a further 8 are common to all three datasets. We have re-inspected our data and the source of the QRW and WINGS redshifts as well as other redshift measurements in the literature to determine which values to adopt. In cases where there were a number of values in the literature which agreed with one of the 2dF, WINGS or QRW catalogues we adopted that catalogue value. Where there was no corroborating additional measurements we either performed an error-weighted average if the measurements were within 6 times the combined error, or alternatively, we selected the value with the lowest quoted error. For the 9 cases common to 2dF and QRW, in 6 cases we adopt the 2dF value, in 1 case the QRW value, and in 2 cases we use the errorweighted mean. For the 11 objects with inconsistent redshift measurements in the WINGS and QRW datasets we adopt the WINGS value for 5 cases, QRW value for 3 cases, and the error-weighted mean in 3 cases. For the 11 objects with inconsistent WINGS and 2dF values, we adopt WINGS, 2dF and error-weighted mean values for 4, 4, and 3 cases, respectively. For the remaining 8 objects with common redshift measurements in three datasets, in all cases, there are two consistent measurements; in 5 cases we use the errorweighted mean for WINGS and 2dF values, and in 3 cases QRW and 2dF values. The final combined dataset of 1303 objects is given in Table 2 .
The completeness of the redshift samples restricted to objects within 1 and 0.4 degrees of the cluster centre are shown in Figure 2 as a function of magnitude. The cumulative completeness drops to 80% at bj = 18 & 18.5 within 1 and 0.4 degrees of the cluster centre, respectively, and is about 48% and 66% at bj = 20 within the mentioned ranges. A histogram of the sample between 0 and 50,000 km s −1 is shown in Figure 3 . As can be seen in the figure, A3266 and possible merging groups lie in the velocity range of 14,000-22,000 km s −1 . In the rest of this paper the analysis sample is restricted to the 790 galaxies within 1
• of the nominal cluster centre within the redshift range of 14,000-22,000 km s −1 (white part of the histogram), where the main population of galaxies corresponding to the cluster resides.
STRUCTURE ANALYSIS OF THE ABELL 3266
In order to examine substructure in the field the DensityBased Spatial Clustering of Applications with Noise (DB- Figure 5 . Spatial distribution of the structures identified by DBSCAN with an adopted Eps value of 0.15 Mpc. Detected filaments and groups are numerically labelled, colour coded, and shown by different symbols. The cluster core is shown with filled black circles. The core has been decomposed into two subgroups via a 3D Lee-Fitchett test with the eastern core component denoted by red circles. Tiny black dots represent the non-assigned galaxies, i.e., noise points. All other colour coded symbols represent groups and filaments. The structures are overlaid on the galaxy number density maps of the cluster analysis sample, corresponding to cell sizes of 300, 150, and 100 kpc, from left to right, respectively. The scale line represents an angular extent 1 Mpc at the mean redshift of the cluster core. Table 3 . Details of the detected structures within A3266, including the cluster core and its substructures. The cluster core has been decomposed into two components via a Lee-Fitchett test denoted as western core component and eastern core component. The eastern core component is then further divided into two components, denoted here as the northwest substructure and the southeast substructure, see Section 3.2 for further details of the decomposition of the core. Column 2 & 3 give the average coordinates of the structure members, column 4 is the number of members of each structure, while column 5-10 provide the structure's average redshift and its error, and velocity dispersion and its uncertainty, relative to the CMB reference frame, respectively. Column 11 gives a class value which corresponds to 1) a filamentary structure or a structure consisting of a few groups aligned in the line of sight or 2) a galaxy group. Classification criteria for groups and filaments are based on those developed in Dehghan & Johnston-Hollitt (2014 (Ester et al. 1996) . Typically DBSCAN has not been used in astronomy, but it has recently been shown to be particularly good at detecting structures in spectroscopic samples such as the process used recently for structure analysis in the Chandra Deep FieldSouth (Dehghan & Johnston-Hollitt 2014) and for the massive cluster A3888 (Shakouri et al. 2016a) . DBSCAN is a friend-of-friend clustering method that uses two input parameters, the neighbouring distance (Eps) and a minimum number of points (M inP ts) which determines the detection threshold for objects that should be considered to be grouped. The algorithm counts the number of objects (N ) within the Eps-radius of the object of interest (p). If the condition, N > M inP ts, is satisfied, p will be labelled as a 'core point'. Objects that are not core points but are within the neighbourhood of a core point are labelled as 'border points'. All the other points are discarded from the rest of the analysis. Afterwards, the algorithm recursively evaluates which of the core or border points are 'connected', or within the Eps-radius of each other. All the connected core and border points are grouped as a single structure, and the algorithm moves on to the next unassigned point until there are no unevaluated points left. The number of input parameters can be reduced to one, only M inP ts, using the so-called sorted k-dist graph. The sorted k-dist plot is made by calculating and sorting the distances of sample objects to their k-nearest object in a descending order, where k = M inP ts − 1. The Eps value is determined where a significant turnover or sud- Figure 5 . Details of each structure are given in Table 3 . In all panels the vertical dashed line represents the (biweight) average velocity of the cluster sample.
SCAN) algorithm was used
den change in the slope of the graph is observed. It has been shown that the results of the algorithm are not particularly sensitive to the value of M inP ts (see Ester et al. 1996 for more details regarding the parameter selection process).
Although DBSCAN can be applied to three-dimensional data by defining a pseudo-distance parameter, we only use two-dimensional projected data in order to avoid making assumptions on the velocity distribution of structures. This is due to the weakness of DBSCAN in concurrent detection of structures with substantially different densities in one or more dimensions, e.g., radial filaments and compact groups. The detected structure can be further investigated in velocity space to determine their properties and classification. Here the input parameter adjustment was performed by choosing M inP ts = 6, a sorted 5-dist plot of the sample was generated and Eps = 0.15 Mpc was found and adopted for further analysis. Subsequently, the DBSCAN algorithm was applied to the spatial and velocity restricted catalogue to determine the structures surrounding Abell 3266. Based on spatial distribution, the overall population was divided into six groups and filaments, along with the cluster core.
The spatial distribution of the detected structures are shown in Figure 5 . The identified groups and filaments are labelled and shown with coloured geometrical symbols. In addition, the cluster core is represented by black circles. A further analysis on the core was undertaken to determine substructure in the cluster population by performing a threedimensional 2 Lee-Fitchett test (hereafter Lee3D, Lee 1979; Fitchett & Webster 1987; Fitchett 1988) . The core was decomposed into two components, split in both the spatial and velocity domains, with one component located in the east at a slightly lower than average redshift and one component in the west with slightly higher than average redshift (see Section 3.2). The eastern core component is denoted here by red circles around the black points marking core galaxies. The non-assigned galaxies are shown with tiny black dots across the field. These structures are overlaid on surface density maps of the cluster region. The panels in Figure 5 from left to right are the density contours based on bilinear interpolation of galaxy number counts within the cell sizes with constant extent of 300, 150, and 100 kpc, respectively. Each set of density contours start at about local 3σrms level and then increase by steps of 11, 44, 100 galaxies per Mpc 2 , and represent high sensitivity & low resolution to low sensitivity & high resolution density map of the cluster, respectively. The scale line in the figure represents an angular extent of 1 Mpc at the mean redshift of the cluster core (z = 0.0594). In addition, we represent the velocity distributions of the detected groups and filaments, and the cluster core by histograms with bin width of 800 km s −1 in Figure 6 . ID numbers in Figure 6 correspond to labelled structures in Figure 5 . We report the properties of the detected structures, inferring the redshift location and rest-frame velocity dispersion along with their 68 per cent confidence intervals 3 , relative to the reference frame of the Figure 7 . The spatial distributions of the detected structures determined by DBSCAN are overlaid on a DSS optical image of the Abell 3266. The legends are the same as Figure 5 , except here the eastern core component has been further decomposed into two groups denoted by solid and dashed lines (see Section 3.2). The ROSAT PSPC soft-band X-ray (0.1-2.4 keV) intensity map of the cluster, convolved with a 50 Gaussian kernel, is shown with black contours. The galaxy number density map of the cluster analysis sample is shown by black dashed contours. The density contours start at the local 3σrms level and then increase by steps of 11 galaxies per Mpc 2 . The scale line represents an angular extent of 1 Mpc at the mean redshift of the cluster core.
Cosmic Microwave Background (CMB, Fixsen et al. 1996) in Table 3 .
Structures Surrounding the Abell 3266 Core
In Figure 7 we represent the detected structures along with the cluster core overlaid on the DSS optical image of the Abell 3266 cluster. The legend of the structures is the same as Figure 5 . In addition, the ROSAT PSPC soft band [0.1-2.4 keV] X-ray intensity map (Voges et al. 1999 ) is represented by black contour lines (convolved with a FWHM of 50 ). Furthermore the galaxy number density map of the cluster analysis sample (corresponding to cell sizes of 300 kpc), is shown by black dashed lines. An interactive threedimensional (RA, Dec, and velocity) visualisation of the cluster sample and its associated structures is represented in Figure 8 . This plot was conducted with the S2PLOT programming library (Barnes et al. 2006 ) and can be activated and interacted with using Acrobat Reader v8.0 or higher. We now concentrate on properties of the detected structures surrounding the cluster core: Figure 8 shows that Structures 1 has a filamentary morphology both in its redshift and spatial distributions. However, Structure 2 contains two major concentration of galaxies, each of which with five Click here to activate the three-dimensional plot.
(requires Adobe Acrobat Reader) Figure 8 . Three-dimensional visualisation of the A3266 cluster sample. ID numbers correspond to the structure labels in Figure 5 . The cluster core and its eastern core component split into two parts being the Southeast Subtructure (SES) and Northwest Subtructure (NWS) are shown with black spheres, and magenta and purple circles, respectively. Structures may be hidden or shown using their corresponding toggles located at the bottom of the plot. (This 3D plot can be displayed and interacted using Adobe Acrobat Reader v8.0 or higher. The position and viewpoint of the camera can be changed using the mouse, e.g., drag with the left mouse button. Additionally a menu for interactive commands is available via the right mouse button.)
galaxies, located in the line of sight at z = 0.0591 ± 0.0002 & 0.0700 ± 0.0002 with v d = 132
−37 , respectively. Structure 2 appears to be associated with the low entropy region found by Finoguenov et al. (2006) .
Structure 3 is an isolated group located at distance of 1 Mpc to the north of the cluster centre. Structure 3 with 20 galaxy members has a symmetrical redshift distribution with a mean redshift of z = 0.0583 ± 0.0005 and a velocity dispersion of v d = 640 +98 −98 . Despite the velocity dispersion of Structure 3, which is sufficiently high for classification as a cluster (Struble & Rood 1991) , there is no extended X-ray emission visible in the ROSAT 0.1-2.4 Kev image (Voges et al. 1999 ) of the area (see Figure 7) . In order to determine whether Structure 3 is a group with its own substructure, and therefore has a high velocity dispersion, or an underluminous X-ray cluster, we estimated the sampling rate of the structure if our redshift sample was complete up to absolute magnitude of Mc = −15. The estimation was made based on a Schechter luminosity function,
where we take the parameters M * = −22.5 and α = −1.25 (Rizzo et al. 2004 ). The absolute magnitude of an object as a function of redshift, M l , is calculated by using the apparent magnitude limit of our redshift sample, I = 17. We also apply a K-correction to this absolute magnitude, assuming that the object is an elliptical galaxy at z = 0.06. The normalization parameter, φ * , was calculated by solving the equation,
where Nr = 20 is the structure's sampling rate. Using the mentioned parameters we estimate that Structure 3 must have at most ∼ 140 galaxies with absolute magnitudes smaller than magnitude cut-off of Mc = −15. We therefore classify this structure as a large group or a poor cluster associated with A3266 with the lack of X-ray emission making the group scenario more likely. Structure 4 has two major peaks in its velocity distribution (see Figure 6 ). These peaks in the velocity distribution correspond to two populations of galaxies, each of which with two components, detected as a whole by DBSCAN (see Figure 8) . The northern substructure is located in background of the cluster at z = 0.0655 ± 0.0007, whereas the southern one is in foreground of the cluster at z = 0.0578 ± 0.0005. 
The Core of Abell 3266
In the DBSCAN analysis, a population of 118 galaxies in the core region were separated from surrounding groups and filaments. This population represents an elongated structure aligned with the X-ray gas morphology, which is typically found in the clusters in a merger process. To detect possible substructure in this population of galaxies the Lee3D test was used. The Lee3D test is based on a maximum likelihood technique, in which a statistical significance is assigned to various clustering hypotheses. A hypothesis is made based on a rotating line passing through the cluster and separating the galaxies into two groups. For any given hypothesis, which corresponds to a division line with different 3D orientation, the likelihood ratio criterion is calculated and the hypothesis maximizing the ratio is chosen for optimized separation. The test is one of the most effective multivariate clustering methods developed specifically for structures with only one significant substructure (Pinkney et al. 1996) .
The Lee3D test was applied to a sample of 118 galaxy members using the CALYPSO package (Dehghan & JohnstonHollitt in prep) , and it successfully decomposed the cluster into two galaxy distributions. One is a moderately significant subgroup with 45 galaxies to the east of the cluster core with slightly lower redshift than the cluster core average. The remaining 73 galaxies are the dominant cluster core to the west with a slightly higher than average redshift. We refer to these components as the East Core Component (ECC) and the West Core Component (WCC) in Table 3 . The significance of the subgrouping was calibrated by performing a Monte Carlo (MC) simulation of 800 distributions under the null hypothesis of the form σ = σ0(r 2 + r 2 c ) −1/2 , where σ0 is a constant value and rc = 0.001 corresponds to the assumption that galaxy clusters have power law surface density profile (see Beers & Tonry 1986; Fitchett 1988 for more details). The null hypothesis rejection rate was 98.75% ± 1.15% (99% confidence intervals). The ECC is shown with red circles in Figures 5 & 7 . The top panel of Figure 9 shows the velocity distribution of the whole cluster core, ECC, and WCC with black, red, and blue histograms and their corresponding Gaussian fits.
The mean redshift of the ECC, relative to the 3K background, is z = 0.0570 ± 0.0008, which is slightly different from that of the whole cluster core (z = 0.0594±0.0005). The morphology of the ECC is considerably scattered, whereas the WCC remains relatively compact. Additionally, the velocity distribution of the ECC includes two peaks (red histogram in Figure 9 ). We performed a secondary Lee3D test on the 45 galaxies of the ECC to investigate whether it can be further decomposed. Subsequently, this subgroup was further separated into two substructures with 18 & 27 members located at z = 0.0552 ± 0.0010 & z = 0.0600 ± 0.0010. The statistical significance of the separation was 99.79% ± 0.13% which was calculated by MC simulation of 8000 samples, this time with rc = 0.5 (core model in Fitchett 1988) due to the smaller extent of the ECC. The smaller substructure of the ECC resides to the southeast on the edge of the diffuse X-ray emission, whereas, the larger component is almost entirely associated with both the X-ray elongation and the low entropy X-ray gas detected by Finoguenov et al. (2006) . We refer to these structures as Southeast Subtructure (SES) and Northwest Subtructure (NWS). Thus following a second stage Lee3D analysis the core of 118 galaxies can either be considered to be bimodal consisting of the ECC and WCC, or trimodal consisting of the WCC, NWS, and SES. Taken together these results suggest that what is now the northwestern component of the ECC has merged with the cluster either from the southwest or northeast. Examining the Lee3D results suggest the merger axis is about 120
• clockwise from North. The WCC with 73 members, which would be the residual cluster structure following the merger, was found to have z = 0.0609 ± 0.0005, and a velocity dispersion of v d = 1309 +99 −99 .
OVERALL CLUSTER DYNAMICAL PICTURE
From the Lee-Fitchett analyses we find that the core is decomposed into two major components with a mass-ratio of roughly 1:2, of which the ECC further breaks up into two parts. Since the majority of the galaxies in the SES are located on the edge of the X-ray emission, this structure appears to be unrelated to the main merger event. The position of the remaining two subgroups, with a mass-ratio of 1:3, supports two possible scenarios of an ongoing merger in the plane of sky along a southwest-northeast axis. The first scenario is suggestive of a past core passage merger with the NWS having come from the southwest, moved to the northeast, and stripped the cluster ICM during the passage. This interpretation can explain the relatively large dispersion of NWS and extension of the hot diffuse gas to the northeast of the core, as well as the offset between peak positions of the X-ray emission and surface density or the location of the Brightest Cluster Galaxy (BCG). Sauvageot et al. (2005) considered a similar scenario and found that observed properties of the X-ray gas can only be explained if the mass-ratio for the merger is considerably larger than 1:3. According to the second scenario the NWS has entered the cluster from northeast and is on its way to pass the core and exit from the southwest, during which the lowentropy gas of this smaller group has been stripped due to the high density ICM of the WCC. This would appear to be consistent with the detection of the low entropy tail, with the precise shape of that seen in the XMM analysis, and satisfies the prediction of an infalling subcluster group, as outlined in Finoguenov et al. (2006) . Considering a similar situation for a merger from the southwest, Sauvageot et al. (2005) performed a numerical simulation of a merger with a mass-ratio of 1:3. About 0.2 Gyr after the first core passage, they found a morphology that could explain most of the Xray properties of A3266. This mass-ratio is close to what we measure, however, our optical analysis suggests that the core passage has not happened at this stage as the western edge of the NWS is almost aligned with the position of the BCG. In addition, the NWS appears to be excessively disturbed for a structure in a pre-merger state. Overall, it appears that optical and X-ray analyses, alone, are not sufficient for definitive decision on the dynamics of A3266, which seems more complex than a simple merger process.
Furthermore, the cluster's total gas mass (M500 = 1.2 × 10 14 M , Finoguenov et al. 2006) corresponds to a velocity dispersion of about 540 km s −1 , according to the empirical mass-velocity relation (Voit 2005) , which is considerably lower than velocity dispersion we measure (v d ∼ 1400 km s −1 ), implying a significantly disrupted system. In addition, the cluster core is surrounded by a complicated system of groups and filaments very similar to the other massive systems in the HRS supercluster (e.g., A3128/A3125, Rose et al. 2002) . At least three of the detected structures (2, 5, & 6) appear to reside on the edge of the ICM. These relatively compact structures in the plane of sky have broad velocity distributions, well over the typical velocity dispersion of compact groups (400 km s −1 , Struble & Rood 1991) , and are possibly tidally disrupted groups impacted by the cluster's massive gravitational field. Alternatively, these structures might represent a series of merging groups during hierarchical structure build-up. Whichever the scenario for the main merger, these groups and filaments suggest A3266 is undergoing a series of complex dynamical interactions.
SUMMARY
In summary, we present a detailed spectroscopic structure analysis of Abell 3266. We conducted spectroscopic observations over a 2
• -field surrounding A3266. We measured a total of 880 redshifts including 704 of which were new measurements. Combining these with the literature gave a total sample of 1303 of which 790 were in the cluster sample. This is the most complete spectroscopic sample of A3266 to date and allows detection of a range of substructures associated with the cluster. In particular, we detect 6 new structures surrounding the cluster core, and find the core to be split into two or three components with the main merger at about 120
• clockwise from North. This is consistent with the detailed X-ray analysis of Finoguenov et al. (2006) . However, it is clear from this analysis that A3266 is an extremely complex system which cannot be explained by a simple merger scenario. An array of cluster merger simulations will be required to determine the most likely merger scenario and it is clear this will likely require multiple mergers to adequately fit the data. The complex merger history and amount of subclusters suggest a rich environment which would include shocks and turbulence. Such conditions along with a high cluster mass have been shown to be required for the generation of radio relics and halos (Cassano et al. 2012; Shakouri et al. 2016b ) and this will be explored in the second paper in this series.
